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Abstract 
Doppler shift is an important parameter in vehicular communications, since it represents the channel varying rate and is widely used 
in wireless signal processing.  Hence, this paper first study the he bias of Doppler shift estimator based on level crossing rate (LCR), 
then an iterative process is presented. Moreover, we propose a polynomial fitting to further improve the Doppler shift estimation. 
Extensive simulations conducted under a wide range of noise corruption clearly show that the proposed estimator outperforms several 
existing estimators in terms of accuracy in a wide range of velocities and SNRs. Note that the proposed estimator also can be treated as 
a vehicular speed estimator due to the well-known relation between the Doppler shift and the mobile speed. 
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1. Introduction 
Recently, the vehicular  communication  has attracts much attention [1-2], which is a branch  of mobile 
communication  and suffers from the rapid channel fading caused by fast mobile  speeds [2, 3]. Since the 
fading rate of a channel depends on its maximum Doppler shift, and the Doppler shift is related to the 
velocity of the mobile terminal (MT) [3], the estimation of mobile speeds is equivalent to that of the 
Doppler shift. Generally, an effective estimation of the Doppler shift is of great importance in vehicular 
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communications, and will produce a sound handoff performance [4], an effective channel estimation [5] 
as well as an outstanding adaptive modulation performance [6]. 
Scientists had studied some Doppler shift estimators in [4-9], such as the logarithm envelope method 
[4, 8], the LCR method [5] and the channel autocorrelation method [6]. Moreover, [7] and [9] present us 
with estimators based on the phase difference. Unfortunately, all of the above Doppler shift estimators did 
not explicitly give consideration to the noise effects, thus they were influenced by additive white gaussian 
noise (AWGN) significantly. In [8], Hua et al. proposed an iterative process to reduce the effects of 
AWGN, but its intrinsic series approximation errors make it only effective for small Doppler shift ranges. 
On the other hand, the crossing rate estimator produces no series approximation errors, and is robust to 
the environment [10]. Accordingly, this paper first investigates the SNR-insensitive condition for the 
LCR-based method, and then implement the condition with a simple iterative process. Smulations show a 
accurate and SNR-insensitive estimates are obtained in a wide range of velocities and SNRs. 
2. Signal Model 
Suppose a wide-sense stationary uncorrelated scattering (WSSUS) channel as mentioned in [11] and 
the reference therein. Then, we can express the channel coefficient estimation as [11]: 
ˆ ( ) ( ) ( )l lc n c n z n= +                                                                    (2.1) 
where )(),(ˆ ncnc ll and )(nz  represent the channel estimates, the actual channel and AWGN (with 
variance σz2) respectively. n  is the discrete time index while l  denotes the path index. Here, the actual 
channel is modeled as a zero-mean complex Gaussian random process with variance σl2. For notational 
brevity and without loss of generality, the strongest path is assumed to be the first path, denoted as )(ˆ nc . 
According to [3], LCR of the envelope of a random process can be defined as the cross number per 
second when the envelope level down-crosses the threshold level (Ath). Moreover, precise expressions of 
LCR over Rayleigh channels have been derived in [3]: 
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where α, fd and Ts denote the ratio of the threshold level to the envelope root mean square (RMS) level, 
the actual Doppler shift and the pilot symbol interval respectively. Generally, we choose α=1. Then the 
LCR Doppler shift estimator (assuming zero AWGN) is derived from (2.2) ~ (2.3) [5]: 
1
0
ˆ ˆ / 2d LCRf e N π= ×                                                                           (2.4) 
In (2.4), α is fixed as 1. Note that different α’s will introduce different NαLCR’s and therefore different 
expressions of (2.4), but the final Doppler shift estimation will not be affected by the choice of α, since α 
must be known to the scientists in deriving the estimators. 
3. Iterative Doppler Shift Estimator 
The formula (2.4) is derived under the assumption of infinite SNR. Unfortunately, AWGN is 
inevitable in real-world applications and may result in some estimation biases. This kind of bias has been 
indicated in previous works, i.e., in [9], Hua and You proposed to use a decimator to refine the Doppler 
shift estimation, and in [8], Hua et al. suggested to use iterative correlation lags to improve the Doppler 
shift estimation. However, these methods yet are influenced by the series approximation error. Though 
the proposed algorithm utilizes similar iterative process, the LCR calculation doesn’t require series 
approximation, which avoids the approximation error in [8-9]. 
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3.1. Bias Analysis and SNR-insensitive Conditions 
According to (2.2) and (2.4), NαLCR is functional on AWGN. Hence, the estimator of (2.4) is unbiased 
only in noise free scenarios. To account for this influence, we define the ratio of Doppler shift estimation 
in noisy scenarios to that in noise free scenarios as [3]: 
1
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where bs2 and bs0 are calculated according to (2.3) with σz2=0, while b2 and b0 are computed with σz2≠0. 
After simple calculation and substitution, we have: 
[ ]21 (1 2 ) 6 / 6( 1)d s sf Tη γ⎡ ⎤= + − +⎣ ⎦                                            (3.2) 
where γs=σl2/σz2 denotes the symbol signal to noise ratio. By (3.2), we can investigate the estimation bias 
caused by AWGN in theory, and from it, we find that the estimation bias is a function of SNR and fdTs.  
From (3.2), when the actual Doppler shift (fd ) is given, different sample intervals (different Ts ’s) lead 
to different doppler shift estimation biases, when Tsfd  rises to a particular value, the η curve tend to be 
superposed, which  means that the AWGN influence tend to be same for all the curves at this time.  
Let η=1, then we have the following equation: 
      [ ]21 1 (1 2 ) 6 / 6( 1)d s sf Tη γ⎡ ⎤= = + − +⎣ ⎦                                         (3.3) 
Solving (3.3), the SNR-insensitive condition can be derived as: 
24 1d sf T =                                                                                        (3.4) 
Since the sampling rate usually is invariant, a decimator analogous to [9] can be employed to produce 
different sample intervals, then (3.4) should be modified to 24 1d sMf T = , where M denotes the 
decimating  factor. In fact, the method of [9] can be considered as a specified example of our study, and 
this paper further finds which decimating factor is optimal. 
3.2. Iterative Process and Polynomial Fitting 
In order to realize the optimal decimating factor, an iterative process is proposed analogous to [8], 
where )(ˆ ifd  and M(i) denote the Doppler  shift estimation and the decimating factor at the i-th iteration. 
1) Set a frequency difference threshold Δth , and let M(1)=1, )0(dˆf =0 and iteration counter Ic=1; 
2) Estimate Doppler shift for current iteration, and get ˆ ( )d cf I by (2.4); 
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, where ⎣ ⎦*  denotes the floor function; 
4) If  M(Ic)=M(Ic-1) or 
thcdcd IfIf Δ<−− )(ˆ)1(ˆ , exit the iterative process, otherwise Ic=Ic+1, goto sterp2); 
When the iteration is finished, the final Doppler shift estimation is expressed as
dfˆ .  Note that in step 3, 
we use two M(Ic) computing methods to accelerate the iteration, where 0.3 is obtained by  simulations. 
Note due to the integer decimating factor constraint, the above iteration will suffer from over-iteration 
error, which will be improved by the following polynomial fitting. 
1) Given some 
dfˆ ’s by simulations (1000 times in our study) and set up the polynomial error expression 
according to the least square principle, resulting in      
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 where p3 ∼ p0 and q2 ∼ q0 are invariant for different  SNRs, thus, a small bias will be remained after 
fitting. However we find in extensive simulations that this kind of performance loss will not cause 
large bias. 
2) Calculate the improved estimation by 
dDopplerd ff ˆ)1( Δ+=                                                                                 (4.2) 
Using the processes above, we can further improve the estimation for Doppler shift in most scenarios.  
                                                  Table 4.1: Simulation parameters 
Slot 
length 
Bit rate Pilot 
length 
Carrier Δth Channel model Simulation 
length 
Path 
number
Data block 
length 
Modulation
1056bit 1.2288
Mbit/s 
32bits 2.11GHz 10Hz ITU M.1225 
Veh. B 
1000 slots 6 224 bits QPSK 
4. Numerical Results and Analysis 
This section presents some extensive experimental results in terms of mean squre error (MSE) and 
accuracy, where the detailed simulation parameters are shown in Table 4.1.  Then we compare the 
performance of the proposed method with those of the logarithmic envelope (LE) method [4], the ACF 
method [6], the iterative LE method [8], the LCR method [5] and the phase method [9]. 
                        
(a) SNR=0dB                                           (b) SNR=5dB                                            (c) SNR=10dB  
Fig. 1: Doppler shift estimation performance comparison: the LE method [4], the ACF method [6], the LCR method [5], the 
phase method [9], the iterative LE method [8] and the proposed method. 
 
Fig.1 illustrates the accuracy of some existing methods as well as the proposed method with 
polynomial fitting (EST.A), where the working SNR range (0~10 dB) of most mobile systems is taken 
into consideration. From Fig.4.1, we can clearly present that the LE method of [4] yields an obvious bias 
and the proposed method outperforms other four methods.  Additionally, the proposed iterative method 
yields small bias even if SNR is 0 dB, while the biases of the non-iterative methods are large in low SNR 
and at low speed. On the other hand, though not shown in Fig.4.3 for the sake of legible figure, we must 
point out that the iterative LE method also performs worse than the iterative LCR method. Hence, the 
proposed method is more reliable and suitable for real-world applications. 
 
                                
Fig.2 Estimation bias of EST.B                Fig. 3 Estimation bias of EST.A             Fig.4 The MSE performance comparison  
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Fig.2 and Fig.3 demonstrate the accuracy of the iterative LCR method without fitting (EST.B) and that 
with fitting (EST.A).  It’s obvious from Fig.2 that the proposed method without fitting yields good 
performance in a wide range of SNRs and velocities.  However, when SNR≥5dB, estimation is less than 
the actual Doper shift due to the over-iteration. Fortunately, Fig.4.3 obviously show that the over-iteration 
problem is solved in a wide range of velocities so long as the SNR is no less than 5dB. However, 
compared with Fig.2, the estimator with fitting performs worse at SNR 0dB, which is the cost for the 
performance gain at high SNRs. 
Fig.4 compares the MSE of the tested methods averaged along speed dimension. Because the 
conventional LCR method, the LE method, the ACF method and the phase method cannot eliminate the 
effect of additive noise, they experience severe performance degradation.  Whereas the proposed iterative 
LCR method maintains low MSE, and obtains at least one order of magnitude gain when SNR falls into 
the range of 0dB∼15dB. Moreover, since the iterative estimation is larger and less than the actual Doppler 
shift at SNR 0dB and other higher SNRs, the fitting operation causes a little MSE increase at SNR 0dB, 
which is consistent with the result in Fig.4.2. Fortunately, at working SNR ranges, the iterative LCR 
estimator with polynomial fitting can evidently observe performance improvements compared with the 
one without fitting.  
5. Conclusions 
In this paper, we have proposed an accurate Doppler shift estimator, where we investigate the SNR-
insensitive conditions and apply them to the conventional LCR method through an iterative process.  In 
order to improve the performance at the working SNR range, a polynomial fitting method is proposed, 
and the simulation show a good performance in a wide range of velocities and SNRs, which must be 
beneficial for the application requiring accurate Doppler shift estimations. 
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